The design of a wireless water level control system is introduced and discussed in detail. In this system, the wireless Proportional Integral (PI) controller is developed using the LabVIEW graphical user programming language. Zigbee wireless technology is chosen for the wireless data transfer system. The experimental testbed was built and the system software and hardware were implemented. In order to compare the performance of the wired and wireless system, a corresponding wired water level control system was built. Experimental results show that under the same PI parameters, the settling time of the wired system is 3.3 times faster than the wireless system. However, the percent overshoot using the wireless controller is 4% smaller.
Introduction
Traditionally, control systems rely on physical connections (wires and cables) to interconnect all the components within the system, such as sensors and actuators. Recently, with the advancements made in wireless technology, and with systems increasing in reliability, it is becoming more and more feasible to consider the application of wireless process control systems to large scale industrial applications [1] - [3] .
Some of the anticipated benefits of an eventual wireless implementation include: (1) reduction of costs, since the need for long wires will be eliminated; (2) provision of control system redundancy, since the wireless system could act as a backup in the event of a loss of primary (wired) system control; and (3) simplification of maintenance, since maintenance will be localized to a few wireless nodes versus hundreds of feet of cables.
The objective of this research is to design and implement a wired and a wireless networked water level control system, so that the performance of these two systems can be compared. These implementations are carried out in a laboratory environment. The purpose is to show that wireless technology could produce suitable, sustainable and comparable results with the control algorithm implemented.
The paper is organized as follows: Firstly, the overall design of the wired and wireless system is presented.
This includes the overall system structure and Zigbee wireless communication design. Subsequently, the physical system is introduced with specific selection of individual components. Wired and wireless controllers are presented. Following this, the performance results of both the wired and wireless water level system are compared. These include the transient responses and setting times of the two systems. Finally, conclusions are drawn.
System Design

Functional and Performance Requirements
In order to show that wireless control system could be a feasible idea to control water level in a closed loop system, both functional and performance requirements described below are considered.
There are four functional requirements that have to be met in order for the system to work: 1) Be able to control inflow; 2) Be able to control outflow; 3) Be able to measure the water level; and 4) Be able to communicate data in real time. Meanwhile, three performance requirements have to be met: 1) All equipment should operate with consistency under the same circumstances; 2) The wired system should produce consistent results with the same input; and 3) The wireless system should produce consistent results with the same input.
Wired System Design
Based on the functional and performance requirements, the overall design of the wired system is shown in Figure 1 . In this design, the proportional valve is used at the inflow of the process tank to control the overall inflow rate. The open tank is raised above the process tank. By using gravity and the pressure height difference, the flow before the proportional valve is then provided. The pump is used to control the outflow. It is operated under DC power and can be operated proportionally in accordance to the supplied power. An ultrasonic level sensor is used to provide the level measurement. Signals from the proportional valve and the level sensor are sent to a PI controller, which is implemented in Lab VIEW. The controller then sends commands to the proportional valve to control the water level to a specified set point.
Wireless System Design
For the wireless system, the wires between the proportional valve to the controller and the level sensor to the controller are eliminated. Instead, these signals are transmitted wirelessly. Since the wireless system use wireless protocols in place of cables to transmit data, it is important to understand the various protocols available. Three most prominent wireless protocols are considered in this research: Wi-Fi (IEEE 802.11), Bluetooth and ZigBee (IEEE 802.15.4) [4] - [6] . Zigbee protocol is chosen for this project. ZigBee is mainly designed for measurement and control. It operates in the 2.4 GHz band and is able to connect up to 256 devices per network. It has a signal radius of 30m, and can accommodate three different topologies: star, peer-to-peer and mesh [7] . ZigBee also uses CSMA/CA and requires a mandatory RTS/CTS handshake before the data will be sent. When the channel is not busy, the data will be sent immediately.
System Implementation-Wired System
After comparison of the advantages and disadvantages of different types of devices, the components chosen to build the wired system are as follows: 1) peristaltic pump; 2) paddlewheel flow meter; 3) ultrasonic level sensor; 4) general service and proportional solenoid valves; 5) nylon tubing and 6) 2 L transparent graduated cylinder. Figure 2 is the overall system with the actual equipment used.
A PI controller is designed in LabVIEW to perform control of liquid level. The control parameters are tuned according to Zigler-Nicoles method [8] . The block diagram of the controller for the wired system is shown in Figure 3 .
System Implementation-Wireless System
Several potential configurations for wireless communication have been proposed and the final design is shown in Figure 4 . The programmable logic controller from Automation direct cooperation can be programmed and managed by its design software called Direct SOFT 5. With this software, the functions of converting analog values to digital values and combining multiple data into a single data string can be achieved. The Zigbee wireless modem performance was tested by software X-CTU which was provided with the Zigbee package [9] . The 
Experimental Results
Six experiments were run with two sets of different PI parameters for both the wired and wireless systems. These experiments show comparable results. The comparison of the responses of these two systems is shown in Figure 6 . As can be seen, for Kp = 4 and Ki = 0.020, the wireless system was found to be less stable than the wired system. There was more noise and rapid degeneration of the signal during the wireless runs, which resulted in longer settling times. Interestingly enough, the wireless system offered better performance in terms of the percent overshoot, being marginally (4%) less than the wired system's percent overshoot. In general, the wired system offered lower settling times. However, the percent overshoot exceeded that of the wireless system by a factor of 3.3.
Conclusion
In conclusion, a wireless water level control system is designed and implemented. Prior to implementing the wireless system, the wired system is constructed and its performance tested. The design are carried out based on both functional and performance requirements. Different components and equipment are compared and the optimal ones selected to construct the physical system. Both wired and wireless controllers are implemented in LabVIEW. Communication through Zigbee wireless channel is achieved. The performance of the wired and wireless system is compared with different control parameters. It is found that the wired system revealed faster settling time. However the percent overshoot using the wireless controller was found to be smaller.
